f 22 infants aged between 11 and 29 months who underwent a combined reconstruction of the upper brachial plexus and shoulder for the sequelae of a birth injury, 19 were followed up for two or more years. The results were evaluated using a modified Gilbert scale. Three patients required a secondary procedure before follow-up. Three patients had a persistent minor internal rotation contracture. All improved by at least two grades on a modified Gilbert scale.
Early operative intervention between the ages of three and eight months for infants with a brachial plexus birth injury has been described by several authors. [1] [2] [3] [4] [5] [6] [7] [8] [9] There is little information, however, on the benefits of surgical intervention with nerve reconstruction after the age of ten months when many patients already have a progressive shoulder contracture or subluxation. In this study we report our experience of late brachial plexus surgery in infants between 11 and 29 months of age combined with treatment for an associated contracture of the shoulder or a chronic subluxation or dislocation.
Patients and Methods
Over a period of three years 22 infants of mean age 16 months (11 to 29) had combined reconstruction of the upper brachial plexus and shoulder. The indications were persistent paralysis of the major C5, C6/upper trunk muscles (deltoid, biceps, shoulder lateral rotators) combined with a fixed or progressive medial rotation deformity of the shoulder. Nineteen patients were available with a follow-up period of two or more years and form the basis of this report.
All 19 patients had had exploration and microsurgical neurolysis of the upper brachial plexus with bypass nerve grafting using proximal and distal end-to-side repairs from C5 and/or C6 selectively into the upper-trunk divisions and the suprascapular nerve. In four patients, a transfer of the spinal accessory nerve into the suprascapular nerve with a short-segment nerve graft had been performed. All patients had a release of the associated contracture of the shoulder by a subscapularis slide. Eleven with a chronic glenohumeral subluxation and/or passive instability after the subscapularis slide had had simultaneous reduction and posterior capsulorrhaphy of the glenohumeral joint (Table  I ). All patients had an injection of botulinum A toxin into pectoralis major (70 units) and latissimus dorsi (30 units).
Post-operatively, all were immobilised in a modified external rotation shoulder spica cast with the shoulder held in 90˚ of abduction and 90˚ of external rotation. After removal of the cast, they began occupational therapy and physiotherapy. They were assessed every three to six months. The mean length of follow-up was 42.7 months (24 to 60). Before the most recent follow-up examination, three patients underwent an additional shoulder procedure (Table I) .
Results
All patients were assessed using a modified Gilbert shoulder grading system (Table II) . At the latest follow-up examination, all had advanced by a mean of two grades (2 to 5) (Table III) .
Discussion
There has been increasing enthusiasm for early operative intervention in upper brachial plexus birth injuries which fail to demonstrate adequate spontaneous recovery by eight months of age. [5] [6] [7] 9 The clinical approach for children over eight months of age, however, who present with persistent proximal motor weakness of the limb combined with pro-O Children's orthopaedics Outcome after later combined brachial plexus and shoulder surgery after birth trauma gressive skeletal deformity and fixed or progressive contracture of the shoulder, has received little attention. Generally, these patients have been managed by late orthopaedic procedures including joint releases and muscle transfers. 7, [10] [11] [12] [13] In severe cases, a rotational osteotomy of the humerus has been recommended. 14 The only report which we have been able to find regarding late plexus repair in children is by Birch, Bonney and Wynn Parry 15 who described three children, aged from four to seven years who had persistent paralysis of the upper plexus and who underwent late transfer of the spinal accessory nerve to the suprascapular nerve. All three achieved shoulder function between grades 5 and 6 using our modified Gilbert scale (Table II) .
The results in our larger series confirm Birch's impression that, in children, late microsurgical intervention can be beneficial. Simultaneous treatment of a coexistent deformity of the shoulder combined with nerve repair in infants who present late with poor spontaneous recovery and obvious musculoskeletal changes is a logical approach, which can limit progressive deformity and the need for multiple operations. In our series, all patients had either severe contractures and/or a fixed subluxation. Without intervention, they would have continued to deteriorate with no possibility of spontaneous improvement. In all cases, careful microsurgical neurolysis was performed using intraoperative monitoring with both proximal stimulation of the spinal nerve and distal needle recording from target muscles (supraspinatus, deltoid, and biceps) as well as measurement of conduction velocity across the neuroma. In most cases, upper trunk and/or suprascapular nerve function was augmented by grafting using the end-to-side technique, in order to improve innervation without risking the deterioration which can follow resection of a neuroma and an end-to-end repair.
Our method of end-to-side repair is based on the work of Viterbo et al. 16, 17 We use a longitudinal neurotomy outside the zone of injury deep within both the donor spinal nerve and the recipient suprascapular nerve. In no patient was there evidence of deterioration of motor function after removal of the cast, and clear improvement in motor function was seen during follow-up. This is most likely to be due to axonal regeneration through the graft into the recipient nerve. 18 Because decompression of the plexus can sometimes exaggerate the imbalance between the internal and external rotators of the shoulder during the immediate post-operative period, it is our practice to inject botulinum toxin type-A into both pectoralis major and latissimus dorsi. This is done in all patients in whom there is pre-operative evidence of restriction to full passive manipulation of the shoulder into external rotation under anaesthesia. This was present in all patients in our series. While botulinum toxin type A has been successfully used to treat co-contractions in children with a brachial plexus birth injury, 19 to our knowledge this is the first report of its use in this situation.
No system for assessing shoulder function after brachial plexus birth injury is perfect. We use the system proposed by Gilbert which has been modified by adding an additional grade 6 (abduction >150˚, external rotation >60˚) to cover those patients who achieve a nearly normal outcome both with and without surgical treatment. The problems with this system are that it fails to separate elevation and external rotation of the shoulder and makes categorisation of some cases difficult, such as when abduction = 90˚ and external rotation >60˚. Some authors, including Gilbert, have also used the Mallet scale, but in our experience, consistent and reproducible results with this scale can only be achieved in co-operative children over five years of age.
The final results in these children can only be determined when they reach skeletal maturity. Three children required reoperation and four had a persistent mild medial rotation contracture at the last follow-up. These preliminary results suggest that a successful late nerve repair when combined with the necessary reconstruction of the shoulder may lead to a more favourable long-term outcome by improving the form and function of the limb, possibly avoiding further surgery in many cases.
